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INTRODUCTION 
Industrial components such as cam shafts and ring gears often need to have a hard 
outer surface for wear resistance and a good internal toughness to resist deformation due 
to impact and loading. These two properties, however, are often mutually exclusive. 
Case hardening is one solution whereby carbon diffusion into steel results in hardened 
surface and near-surface layers. Wear resistance is improved while maintaining the bulk 
toughness of the component. As with many production processes, it is necessary to 
monitor the quality of the components being manufactured, with case hardening, it is the 
depth of treatment that is normally measured. Conventional case-depth measurements 
are destructive, time-consuming, and expensive. Although eddy-current techniques have 
been applied to the problem [1], the process is often cumbersome due to the need to use 
more than one frequency. In this paper we investigate how magnetic nondestructive 
measurement techniques can be used to form the basis of an NDE tool that can quickly 
and reliably determine case depth from surface measurements. 
Micromagnetic Barkhausen signals arise due to the discontinuous changes in 
magnetization that occur in ferromagnetic materials when they are exposed to alternating 
magnetic fields. The Barkhausen effect has been utilized in nondestructive evaluation for 
many years due to its sensitivity to changes in material microstructure and residual stress 
distributions. The Barkhausen effect has been used for, among other things, the 
evaluation of residual stress [2], the measurement of grain size [3], the detection of phase 
transformations and precipitations [3], and the measurement of ferrite morphology [4]. 
Traditionally, only one parameter, the root mean square (RMS) value, is calculated 
from the Barkhausen spectra. Unfortunately, this simplistic approach discards much of 
the information contained in the Barkhausen signals. Many people have attempted 
various signal-processing approaches in order to gain more information from the 
Barkhausen spectra. For example, Fiedler, Kroning and Theiner [5] used neural networks 
for the purpose of characterizing microstructural states in nuclear power-plant (MnMoNi) 
steel. 
The first goal of the present paper is to introduce several new signal-processing 
algorithms that can be applied to the Barkhausen spectra. The idea is that parameters 
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Figure 1. Hardness profiles for the six case-hardened samples. 
obtained in this way may be more sensitive to certain material properties such as case 
depth. The second goal is to examine the feasibility of using the Barkhausen effect to 
measure case depth in carburized steels. 
EXPER~ENTALPROCEOURE 
In the Barkhausen trials, 8620 steel discs were used. The chemical composition of the 
steel is given in Table 1. 
The 8620 steel was cut into discs of 3" diameter and 1" thickness. The discs were 
then gas carburized. The process allows the diffusion of carbon into the steel from a 
carbonaceous atmosphere. The time spent in this environment determined the case depth. 
Following carburizing, the specimens were quenched in oil and then tempered for about 
one hour. Two nominally identical sets of six discs were produced with case depths 
ranging from 50 )lm to 1.25 mm. 
Hardness profiles were measured destructively for all of the samples using a standard 
Rockwell microhardness traverse, Figure 1. Case depth is usually defined as the 
perpendicular distance from the hardened surface to the point at which a hardness of 50 
HRC is reached. Using this definition, the case depth for each of the samples was 
measured, see Table 2. 
Measurements were then carried out on the case-hardened samples using the 
Magneprobe, a nondestructive evaluation system developed at Iowa State University, 
which relies on measurement of Barkhausen effect emissions. A magnetic field was 
applied to the samples using a soft-iron yoke wound with a few hundred turns of wire, a 
100 Hz sinusoidal waveform was used for the excitation. The Barkhausen signals were 
detected by a pick-up coil, amplified, bandwidth limited using a filter, and finally 
digitized by a digital signal processing (OSP) board for analysis and post processing 
using a personal computer. 
Table 1. Chemical composition of 8620 steel, wt % 
C Mn P S Si Ni Mo 
0.18-0.23 0.70-0.90 0.035 max 0.04 max 0.15-0.30 0.40-0.70 0.40-0.60 
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Table 2. Case depths for the six case-hardened samples (HI - H6) measured directly 
from the hardness profiles at HRC 50 (Figure I). 
Sample Name Case hardened depth (mm) 
SO o (soft sample) 
HI 0.10 
H2 0.25 
H3 0.43 
H4 0.84 
H5 1.03 
H6 1.24 
SIGNAL PROCESSING RESULTS 
The raw, time-domain Barkhausen spectra were acquired using an NO converter with 
a sampling frequency of 400 kHz, Figure 2. The envelope of this time domain signal is 
defined by the 100 Hz sinusoidal excitation signal. The root mean square (RMS) signal 
can be computed from the raw Barkhausen data, 
where N is the total number of points and Xi is the lh sampled voltage from the pick-up 
coil. 
(1) 
Statistical analysis of the time domain Barkhausen pulses can produce the pulse height 
spectrum (PHS), as shown in Figure 3. A series of amplitude bins were set up between 
the minimum and maximum measured pulse amplitudes. The number of pulses that fell 
into each bin were then counted. The PHS shows that the distribution of Barkhausen 
pulses is almost Gaussian. 
Based on the fast Fourier transform (FFT), the power spectrum density (PSD) of the 
Barkhausen signals can be obtained. The PSD gives an indication of the frequencies that 
correspond to the majority of the Barkhausen emissions, Figure 4. 
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Figure 2. Typical time-domain Barkhausen signal. 
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Figure 3. Pulse height spectrum (PHS) of a raw Barkhausen spectrum. 
Based on the signal processing algorithms described above, five Barkhausen 
parameters representing different features in the Barkhausen signals were obtained. 
These were the RMS amplitude, the number of pulses, total power, the peak value of 
power spectrum density (PSDm), and the frequency corresponding to PSDm (fm). 
CASE DEPTH MEASUREMENT RESULTS AND DISCUSSION 
The relationship between the five Barkhausen signal parameters and case depth was 
studied comprehensively, Figures 5-9. Figure 5 shows that the RMS value of the 
Barkhausen signal decreases almost linearly with increasing case depth. Figure 6 shows 
that the total Barkhausen signal power also decreases roughly linearly with increasing 
case depth. The curve has a very similar shape to that of the RMS signal. Figure 7 
shows that the number of Barkhausen pulses remains almost constant and does not appear 
to be related to case depth. Figure 8 shows that the peak in the PSD signal decreases 
almost linearly with increasing case depth. Figure 9 shows that the frequency 
corresponding to the peak in the PSD signal remains almost constant with increasing case 
depth. 
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Figure 4. Power spectrum density (PSD) of a raw Barkhausen spectrum. 
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Figure 5. The relationship between the RMS value and case depth. 
It is obvious that case hardening has a different effect on the different parameters. 
This can be understood if we look at the physical mechanisms involved with the 
generation of Barkhausen emissions. The RMS and total power signals represent the 
overall intensity of the Barkhausen activity. After the carburizing process, the near-
surface carbon content is increased. The longer the carburizing time, the deeper the case 
depth, and the more carbon atoms there will be near the sample surface. Carbon atoms 
act as pinning sites for magnetic domain walls, so increased carbon content results in a 
reduction in the intensity of domain wall motion. Therefore, Barkhausen signal activity 
will diminish with increasing case depth. That is why the RMS and total power signals 
decrease with increasing case depth. The number of pulses represents the number of 
domain-wall movements that occur within a given time interval. The introduction of 
carbon atoms will decrease the intensity of domain wall motion, but will not change the 
number of domain-wall movements. So, the number of Barkhausen signal pulses remains 
almost constant with increasing case depth. The existence of PSDm shows that, on 
average, there is a preferred frequency corresponding to the 
Barkhausen transitions. This frequency can be thought of as the resonant frequency of 
the domain walls. The presence of carbon atoms decreases the intensity of domain wall 
motion so there is a reduction in PSDm. However, the resonant frequency is determined 
by the properties of the domain walls. More carbon atoms can not change the properties 
of the domain walls so the resonant frequency remains unaffected by case depth. 
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Figure 6. The relationship between the total power and case depth. 
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Figure 7. The relationship between the number of pulses and case depth. 
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Figure 8. The relationship between the peak. of PSD and case depth. 
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Figure 9. The relationship between resonant frequency and case depth. 
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The results from sample H2 were not displayed in Figures 5 and 6 as there was a 
sharp drop in the RMS and total power signals for this sample. However, this behavior 
was not observed in any of the other three parameters. The abnormal behavior of sample 
H2 can be traced back to the hardness profiles. In Figure I it is obvious that sample H2 
has a higher base material hardness than all the other samples. This is possibly because 
the sample encountered different austenitizing or tempering conditions. Lower 
austenitizing or tempering temperature resulted in a higher base material hardness. The 
temperature inside a furnace is not absolutely uniform. The temperature at the center is 
higher than it is at the edges, therefore it is possible that this specimen was exposed to a 
lower temperature and therefore had different mechanical and magnetic properties. 
Whatever the reason, the microstructure for sample H2 is clearly different to that of the 
othef samples and so a direct comparison of magnetic NDE results is not possible. 
The multiparameter method will be able to identify such microstructural anomalies. If 
only the single parameter RMS approach had been used, we would have wrongly 
concluded that sample H2 had a much deeper case depth than the 0.25 mm that was 
measured destructively. After studying several parameters however, we were able to spot 
the abnormal microstructure. 
CONCLUSIONS 
Barkhausen emissions can be used as an effective nondestructive technique for 
measuring case depth in ferromagnetic materials. Multiple parameters have been 
obtained from several different signal-processing algorithms that were applied to the raw 
Barkhausen spectra. These parameters can comprehensively describe features in the 
Barkhausen signals and provide a better interpretation of domain wall motion in case 
hardened steel. Comprehensive analysis of the relationships between these parameters 
and the properties of the steel samples provides a means by which case depth may be 
measured. But, most importantly, this multidimensional scheme can provide information 
about the reliability of acquired data and make it possible to distinguish abnormal 
samples. 
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